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(54) Title: METHOD FOR READING BOTH HIGH AND LOW DENSITY SIGNALS WITH AN MR HEAD 
(57) Abstract 



A method is provided for reading both high and low 
density data patterns recorded on a magnetic storage media 
with a magnetoresistive read head optimized for reading high 
density patterns. Readback distortion of the low density 
waveforms is inhibited via distribution (102) of the detected 100 
signal flux between two magnetoresistive elements (12, 14) 
in a dual stripe magnetoresistive read head arrangement 
Differential sensing (103) of the two elements cancels second 
harmonic and higher order even harmonics. Higher signal 
amplitude is also provided to improve reading of high density f 02 
patterns. 



( start ) 



POSITION DUAL STRIPE MR 
HEAD TO READ PATTERNS 



J 



DISTRIBUTE SIGNAL FLUX TO 
CANCEL DISTORTION 



J 



DIFFERENTIALLY SENSE TWO 
ELEMENTS TO CANCEL EVEN 
ORDER HARMONICS 



OUTPUT SIGNAL 
CORRESPONDING TO 
RECORDED PATTERN 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


CA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW. 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


Cli 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte dM voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/59145 PCT/US99/10043 



METHOD FOR READING BOTH HIGH AND LOW 
DENSITY SIGNALS WITH AN MR HEAD 



Technical Field 



The present invention generally relates to 
5 magnetoresistive (MR) read heads, and more particularly 
to a method of using a single MR head which can read 
both low density and high density patterns recorded on 
a tape or other magnetic media with minimal distortion. 

Magnetoresistive (MR) magnetic head assemblies 
10 fabricated with thin film technology advantageously 
provide a means for increasing the bit density in 
magnetic recording systems. As compared to traditional 
inductive read heads, these narrow track assemblies 
provide higher readback amplitude that is independent of 
15 the relative velocity between the magnetic media and the 
head. 

Generally, a variety of different signal flux 
levels can be produced from the various data patterns 
recorded on a tape. For example, low density patterns 

20 present a larger magnetic flux to the MR element leading 
to higher signal amplitude than high density patterns 
which have a lower level of magnetic flux. An MR head 
is typically designed and optimized to read the high 
density patterns in order to have significant amplitude 

25 for signal detection. However, the high input flux from 
a low density pattern can drive an MR element designed 
for high density operation into non- linear portions of 
the MR response curve, leading to readback distortion, 
even possibly causing the MR element to magnetically 

3 0 saturate. 
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Write equalization, a method of breaking up 
the low density signal with high density pulses, is 
often employed to provide some equalization of the 
signal flux as detected by the MR element. Unfortunate- 
5 ly, due to the increased complexity and cost of imple- 
mentation, write equalization has not been universally 
applied in tape recording. Further, the problem of 
distortion when reading low density waveforms is accen- 
tuated in systems where downward read compatibility is 

10 required. In such situations the range of recording 
densities seen by the head can be extreme. Standard 
read head designs are not capable of producing a suffi- 
cient readback amplitude at the high recording density 
without high readback distortion at the lower densities. 

15 Incorporating two read head designs, one optimized for 
low recording densities and the other optimized for the 
high density, greatly increases the head and drive 
complexity and cost. 

Disclosure Of The Invention 

20 It is therefore an object of the present 

invention to provide a method for reading high and low 
density signals which only requires one MR head. 

It is another object of the present invention 
to provide a method and MR servo reader head capable of 
25 reading low density servo patterns of high readback 
signal amplitude with the same MR head design as used 
for narrow track data heads which are required to read 
high density data patterns. 

It is yet another object of the present 
30 invention to provide a method and MR head optimized to 
read high density signals stored on a magnetic media 
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with minimal distortion when reading low density sig- 
nals. 



In accordance with these and other objects, 
the present invention provides a method for reading both 
5 high and low density signal patterns recorded on a 
magnetic storage media with a magnetoresistive read head 
comprising positioning the read head relative to the 
storage media so as to detect a signal flux from any 
patterns recorded thereon, and distributing the detected 

10 signal flux between two separated magnetoresistive 
elements located in the read head to inhibit low density 
readback distortion and element saturation. In addi- 
tion, by differential signal detection of the two 
elements, the even order distortion of the readback 

15 signal is cancelled. This is particularly valuable in 
minimizing the second harmonic distortion of the read- 
back. A signal is output from the read head corre- 
sponding to the recorded pattern. 

These and other objects, features and advan- 
20 tages will be readily apparent upon consideration of the 
following detailed description in conjunction with the 
accompanying drawings . 

Brief Description of the Drawings 



Figure 1 is a cross section of a dual stripe 
25 magnetoresistive head used in the present invention; 

Figure 2 is a characteristic transfer curve 
for the magnetoresistive element of the present inven- 
tion illustrating the variation in resistance R versus 
magnetic field H; and 
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Figure 3 is a flowchart illustrating the 
reading operation in accordance with' the present inven- 
tion. 

Best Mode For Carrying Out The Invention 

5 Referring to Figure 1, a dual stripe magneto- 

resistive MR head assembly 10 is shown in accordance 
with the present invention as being formed with two 
magnetoresistive elements 12 and 14 separated by a thin 
insulating layer 16 . 

10 The head assembly 10 can be fabricated as a 

multilayer thin film using conventional vapor deposi- 
tion, electroplating, and photolithography processes. 
The MR elements 12 and 14 may be formed as thin ferro- 
magnetic films parallel to one another, and have low 

15 anisotropy and a high magnetoresistance coefficient. 

The MR elements are preferably physically and magneti- 
cally matched to each other and have substantially the 
same thickness, dimensions, resistance, coefficient of 
the thermal expansion, resistivity and shape anisotropy. 

20 The MR elements 12 and 14 have a common junction which 
is connected to a reference voltage source, such as 
ground terminal . 

A bias current is supplied to both MR elements 
from an externally located current source. When the 

25 bias current is applied to the MR elements, the current 
through MR element 12 creates a magnetic field that 
serves to magnetically bias magnetoresistive element 14. 
Similarly, the current through MR element 14 creates a 
field that serves to magnetically bias element 12. In 

30 addition, the two elements are magnetostatically coupled 
together which assists in the magnetic biasing of each 
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element. The thin insulating layer 16 which separates 
the MR elements electrically isolate one element from 
the other. Any suitable insulating material may be 
used, such as silicon nitride, silicon dioxide, or 
5 aluminum oxide. 

A pair of magnetic shield layers 18 and 20, 
such as formed from permalloy or NiZn ferrite, prevent 
the MR elements from sensing distant flux transitions. 
One prefers that the MR elements only sense a recorded 
10 bit when the bit is directly under the MR elements. The 
spacing between shields 18 and 20 is therefore related 
to the minimum bit spacing of the recording media. The 
shield layers 18 and 20 are insulated from the MR 
elements by insulating layers 22 and 24 . 

15 Resistance of an MR element is a function of 

magnetic field, H, as graphically represented in Figure 
2. More specifically, to minimize readback distortion, 
the MR element must be designed to maintain an operating 
point within the linear portion of the curve denoted as 

20 26. The operating point of conventional MR head designs 
which are optimized to read high density signals will 
move into non- linear regions 28 when reading low density 
signals. 

However, with the present invention, the two 
25 MR elements share the signal flux from the tape or 
magnetic media. The distribution or sharing of the 
signal flux provides a two- fold advantage, i.e., a 
higher signal amplitude is generated when reading 
signals as compared to a single MR element design, and 
30 each of the MR elements sees less of the magnetic flux 
from the tape which increases the likelihood of the 
element operating in the desired linear response region 
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26 of the MR transfer curve. The former allows optimi- 
zation of the head for high density ' recorded patterns, 
while the latter allows the same head to also read low 
density recorded patterns. In addition, by differen- 
5 tially sensing the two elements, second harmonic distor- 
tion of the readback signal is largely cancelled. Thus, 
an MR read head with two MR elements can be presented 
with a larger range of input flux from the media without 
significant alteration of the readback signal. 

The overall process of the present invention 
is summarized in the flowchart of Figure 3. As denoted 
at block 100, the dual stripe MR read head is positioned 
relative to the magnetic media so as to cause distribu- 
tion at block 102 of the signal flux produced by any 
pattern stored thereon between the two MR elements. 
This distribution decreases distortion by maintaining 
each MR element in the desired linear response range. 
At block 103, the signal from the two elements is 
differentially sensed to cancel second harmonic and 
higher even order distortion. At block 104, a signal is 
output from the head corresponding to the pattern stored 
on the media. 

In accordance with one exemplary embodiment of 
the present invention, MR read heads which read servo 

2 5 patterns and MR read heads which read data patterns can 

be fabricated from a common thin layer process using the 
same film thicknesses. More specifically, servo pat- 
terns are preferably written at a low density to provide 
a high readback amplitude and minimum readback loss. 

3 0 With the present invention, a servo reader can be 

fabricated with data reader heads because the dual 
stripe arrangement minimizes saturation to allow reading 
of the low density servo pattern. 



15 
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It is to be understood, then, that the present 
invention has been described in a illustrative manner 
and that the terminology which has been used is intended 
to be in the nature of words of description rather than 
5 of limitation. As previously stated, many modification 
and variations of the present invention are possible in 
light of the above teachings. Therefore, it is also to 
be understood that, within the scope of the following 
claims, the present invention may be practiced otherwise 
10 than as specifically described. 
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What Is Claimed Is : 

1. A method for reading both high and low 
density signal patterns recorded on a magnetic storage 
media with a magnetoresistive read .head comprising: 

5 positioning said read head relative to said 

storage media so as to detect a signal flux from any 
patterns recorded thereon; 

distributing the detected signal flux between 
two separated magnetoresistive elements located in said 
10 read head to decrease readback distortion and limit 
potential element saturation; 

differentially sensing the two magnetoresist- 
ive elements to cancel even order harmonic distortion; 
and 

15 outputting a signal from said read head 

corresponding to the recorded pattern. 

2. The method of claim 1 further comprising 
optimizing said read head for reading high density 
patterns by arranging the two magnetoresistive elements 

20 to increase detected signal amplitude. 

3 . The method of claim 1 wherein said low 
density signal pattern comprises a servo pattern record- 
ed onto a tape, and said read head comprises a servo 
read head having the same design characteristics as a 

25 data read head, optimized to read high density patterns. 
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